Shear strength of litesteel beams with web openings by Poologanathan, Keerthan & Mahendran, Mahen
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Keerthan, Poologanathan & Mahendran, Mahen (2010) Shear strength of
LiteSteel beams with web openings. In Proceedings of : 21st Australasian
Conference on the Mechanics of Structures and Materials (ACMSM 21),
Victoria University, Melbourne.
This file was downloaded from: http://eprints.qut.edu.au/41197/
c© Copyright 2010 please consult the authors
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
1 INTRODUCTION 
 
In recent times cold-formed and thin-walled steel 
sections have been used extensively in residential, 
industrial and commercial buildings as primary load 
bearing members. LiteSteel Beam (LSB) is a new 
cold-formed steel hollow flange channel section pro-
duced by OneSteel Australian Tube Mills (see Fig. 
1). It has a unique shape including two rectangular 
hollow flanges, and is manufactured using a patented 
dual electric resistance welding and automated conti-
nuous roll-forming process (OATM, 2008). It has the 
beneficial characteristics of including torsionally ri-
gid closed rectangular flanges combined with eco-
nomical fabrication processes from a single strip of 
high strength steel. The LSB is a light weight section 
and provides higher structural performance compared 
to other cold-formed steel beams produced to date. It 
has a wide range of applications in residential, com-
mercial and industrial construction (Fig. 1).  
Current practice in flooring systems is to include 
openings in the web of floor joists or bearers so that 
building services can be located within them. Pokha-
rel & Mahendran (2006) recommended the use of 
circular web openings in LSBs based on an investi-
gation using finite element analyses. Three standard 
opening sizes of 60, 102 and 127 mm are used with 
the currently available LSBs (OATM, 2008). The in-
troduction of web openings in a section significantly 
reduces its shear capacity due to the reduced web 
area. There are many variables that affect the shear 
capacity of members containing web openings. They 
include the shape, position and size of web openings 
and also the slenderness of the web element. There-
fore detailed experimental and numerical studies 
were undertaken on the effects of circular web open-
ings on the shear capacities of LSBs. 
Experimental study included 26 shear tests of 
LSBs with circular web openings and the experimen-
tal shear capacities were compared with predictions 
using the available design rules, including those in 
AS/NZS 4600. Details of this experimental study and 
the results are presented in Keerthan & Mahendran 
(2009a). In the numerical study, suitable finite ele-
ment models of LSBs with circular web openings 
were developed to simulate their shear strength, and 
were validated by comparing their results with expe-
rimental test results reported in Keerthan & Mahen-
dran (2009a). A detailed parametric study was then 
undertaken using the validated finite element model 
in order to develop improved design equations for 
the shear capacity of LSBs with web openings.  
This paper presents the details of the numerical 
study of LSBs with web openings and the results. It 
includes a comparison of finite element analysis 
(FEA) and experimental results and the details of 
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ABSTRACT: This paper presents the details of numerical studies on the shear strength of a recently devel-
oped, cold-formed steel channel beam known as LiteSteel Beam (LSB) with web openings. The LSB sections 
are commonly used as floor joists and bearers in residential, industrial and commercial buildings. In these ap-
plications they often include web openings for the purpose of locating services. This has raised concerns over 
the shear capacity of LSB floor joists and bearers. Therefore experimental and numerical studies were under-
taken to investigate the shear behavior and strength of LSBs with web openings. In this research, finite ele-
ment models of LSBs with web openings in shear were developed to simulate the shear behavior of LSBs. It 
was found that currently available design equations are conservative or unconservative for the shear design of 
LSBs with web openings. Improved design equations have been proposed for the shear capacity of LSBs with 
web openings based on both experimental and numerical study results. 
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(a) LSB section                (b) LSB floor systems 
Figure 1. LiteSteel beam (LSB). 
2 FINITE ELEMENT ANALYSES 
 
This section describes the development of finite ele-
ment models to investigate the ultimate shear 
strength behaviour of LSBs with web openings. For 
this purpose, a general purpose finite element pro-
gram, ABAQUS Version 6.7 (HKS, 2007), which 
has the capability of undertaking geometric and ma-
terial non-linear analyses of three dimensional struc-
tures was used. Finite element models were devel-
oped first with the objective of accurately simulating 
the actual test members’ physical geometry, loads, 
constraints, mechanical properties and initial geome-
tric imperfections. Experimental study (Keerthan & 
Mahendran, 2009a) included shear tests of simply 
supported LSBs under a three-point loading ar-
rangement as shown in Figure 2. Both back to back 
LSBs and single LSBs with a shear centre loading 
were used. However, these tests gave similar results. 
Hence in this study, finite element models of single 
LSBs with shear centre loading and simply supported 
boundary conditions were used to simulate the shear 
tests. 
The nominal dimensions of LSBs are given as 
overall depth x overall flange width x thickness, for 
example, 200x45x1.6 LSB. The flange height is one 
third of the flange width. The cross-section geome-
try of the finite element model was based on the 
measured dimensions and thicknesses of 26 tested 
LSBs reported in Keerthan & Mahendran (2009a). 
For LSBs d1 is defined as the clear height of web in-
stead of the depth of the flat portion of web meas-
ured along the plane of the web as defined in 
AS/NZS 4600 for cold-formed channel sections. 
Measured web and flange thicknesses and web 
height were used in the finite element models. How-
ever, nominal flange widths were used as the effect 
of not using the measured flange widths was consi-
dered to be negligible. Since the effect of including 
the rounded corners in LSBs on the shear buckling 
behavior and capacity was found to be negligible 
(Keerthan & Mahendran, 2010), right angle corners 
were used in the finite element models used in this 
study. 
ABAQUS has several element types to simulate 
the shear behavior of beams with web openings. But 
among those, shell element was selected as it has the 
capability to simulate the shear behavior of thin steel 
beams such as LSBs. The shell element in ABAQUS 
called S4R5 was used to model the shear behavior of 
LSBs with web openings. This element is thin, shear 
flexible, isometric quadrilateral shell with four 
nodes and five degrees of freedom per node, utiliz-
ing reduced integration and bilinear interpolation 
scheme. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Schematic diagram of shear test set-up of LSB with 
web openings. 
 
 
 
 
 
 
 
 
 
 
(a) Geometry and FEA mesh               
 
 
 
 
 
 
 
 
 
 
 
(b) Boundary conditions 
 
Rigid body 
Figure 3. Finite element model of LSB with web openings. 
R3D4 rigid body elements were used to simulate the 
restraints and loading in the finite element models. 
The R3D4 element is a rigid quadrilateral with four 
nodes and three translational degrees of freedom per 
node. Finite element modelling was carried out us-
ing MD PATRAN R2.1 pre-processing facilities us-
ing which the model was created and then submitted 
to ABAQUS for the analysis. The results were also 
viewed using MD PATRAN R2.1 post-processing 
facilities. The geometry and finite element mesh of a 
typical LSB with web openings and boundary condi-
tions are shown in Figure 3. 
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Figure 4. Failure modes of 200x45x1.6 LSB with 102 mm web 
openings (Aspect ratio = 1.5). 
 
Figure 4 shows the comparison of shear failure 
modes of LSBs with web openings from FEA and 
experiments. It shows that experimental and FEA 
shear failure modes of LSBs with web openings 
agree quite well. Table 1 presents a summary of the 
selected ultimate shear capacity results of LSBs with 
web openings from the non-linear static analyses us-
ing the developed finite element model and a com-
parison of these results with the corresponding expe-
rimental test results. The mean and COV of the ratio 
of test to FEA ultimate shear capacities are 0.99 and 
0.041. This shows that the developed finite element 
model is able to predict the ultimate shear capacity 
of LSBs with circular web openings.  
   Preliminary finite element analyses showed that 
the effect of residual stress on the shear capacity of 
LSB with web openings is less than 1%, and there-
fore it was decided to neglect the residual stresses in 
most of the analyses in this research.  
 
Table 1. Comparison of ultimate shear capacities from FEA 
and experiments. __________________________________________________ 
LSB                      dwh/d1      Vv (Exp.)  Vv (FEA)    Vv (Exp.)                   
section                              (kN )         (kN)        Vv (FEA)            __________________________________________________ 
150x45x1.6            0.00       47.5           47.8              0.99  
  
150x45x1.6            0.50       29.4           31.3              0.94      
 
150x45x1.6            0.85       18.1           19.4              0.94 
 
150x45x2.0            0.00       59.5           61.0              0.98 
  
150x45x2.0            0.50       42.6           41.3              1.03 
 
150x45x2.0            0.85       28.4           28.8              0.99 
 
200x45x1.6            0.00       54.2           55.0              0.99 
 
200x45x1.6            0.35       41.4           41.2              1.00 
 
200x45x1.6            0.60       29.1           27.6              1.05 
 
200x45x1.6            0.75       22.2           21.85            1.06 
 
200x60x2.0            0.00       74.0           76.0              0.97 
 
200x60x2.0            0.38       58.3           57.5              1.01 
 
200x60x2.0            0.64       43.1           40.4              1.06 
 
200x60x2.0            0.79       37.0           35.6              1.04 
 
250x75x2.5            0.00      118.9         121.0             0.98 
 
250x75x2.5            0.30      104.2         100.5             1.04 
 __________________________________________________ 
3 SHEAR DESIGN EQUATIONS 
New design formulae (Equations 1 and 2) were first 
proposed for the shear capacity of LSBs with web 
openings based on the experimental results in Keer-
than & Mahendran (2009a). The shear capacity of 
LSBs with web openings ( nlV ) can be calculated us-
ing a reduction factor qs applied to the shear capacity 
of LSBs without web openings ( vV ) as given by Eq-
uations 1 and 2.  Proposed design equations for the 
shear capacity of LSBs without web openings (Vv) 
are given in Keerthan & Mahendran (2009b). They 
are also given in Appendix A of this paper. In this 
section, the ultimate shear capacities of LSBs with 
web openings from both the validated finite element 
model and experiments are considered. Figure 5 
shows the shear capacity reduction factor (qs) for va-
rying ratios of depth of web openings to clear height 
of web (dwh/d1) from FEA and experiments. 
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where 
whd = depth of web openings 
1d = clear height of web 
Vnl = shear capacity of LSB with web openings 
Vv = shear capacity of LSB without web openings 
qs = Vnl/Vv 
 
In order to assess the accuracy of the proposed de-
sign equation for the shear capacity of LSBs with 
web openings (Equation 2), its predictions of the 
shear capacity reduction factors are compared with 
those from experiments and FEA in Figure 5. It 
shows that they agree well with a mean of 0.99 and a 
COV of 0.062. 
Figure 6 shows the shear capacity curves as a 
function of the depth of web openings for one of the 
LSB sections. It also includes other available shear 
capacity equations based on AS/NZS 4600, McMa-
hon et al. (2008) and Shan et al. (1997). They show 
that McMahon et al.’s design equation is unconserva-
tive for the shear capacity of LSBs with web open-
ings while AS/NZS 4600 and Shan et al.’s design 
equations are very conservative. 
Figure 5 shows that Equation 2 is unconservative 
in some cases, that is, when the LSBs have large web 
openings. In order to improve the accuracy of the 
proposed design equation (Equation 2), a series of 
nonlinear finite element analyses was conducted 
based on three key parameters such as the ratio of 
depth of web openings to clear height of web 
(dwh/d1), clear web height to thickness ratio (d1/tw) 
and web yield stress (fyw). Details of this parametric 
study are given in the next section. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Shear capacity reduction factor of LSBs with web 
openings (aspect ratio = 1.5). 
 
 
 
 
 
 
 
 
 
 
Figure 6. Shear capacity versus depth of web opening for 
200x60x2.0 LSB (aspect ratio = 1.5). 
4 IMPROVED SHEAR DESIGN EQUATIONS 
A detailed parametric study based on the validated 
finite element model produced an extensive shear 
strength data base. In this study four LSB sections, 
150x45x1.6 LSB, 150x45x2.0 LSB, 200x45x1.6 LSB 
and 250x75x2.5 LSB, with an aspect ratio of 1.5 
were used. Table 2 gives some of the ultimate shear 
capacities of LSBs with web openings and the shear 
capacity reduction factors for varying ratios of 
dwh/d1. This table shows that ultimate shear capaci-
ties decrease with increasing depth of web openings. 
Both experimental and parametric study results 
were used to improve the accuracy of the proposed 
design equation (Equation 2) for LSBs with web 
openings. The improved design equations for the 
shear capacity of LSB with web openings ( nlV ) were 
also based on a reduction factor qs applied to the 
shear capacity of LSBs without web openings ( vV ). 
Design equations for vV  are given in Appendix A. 
Equations 3 to 6 show the improved design equations 
for the shear capacity of LSBs with web openings. 
These improved equations allow for the observed dif-
ferences in qs variations as dwh/d1 increases. Hence 
they include three different, but linear relationships 
as a function of dwh/d1. 
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Table 2. Ultimate shear capacities of 250x75x2.5 LSBs with 
web openings from FEA. __________________________________________________ 
LSB                       fyw       dwh           dwh/d1    Vv        Vnl         qs                        
section            (MPa)   (mm)                (kN )   (kN)   (Vnl/Vv)     __________________________________________________ 
 
250x75x2.5            200       0         0.00     121     121.0     1.00  
 
250x75x2.5            200      30        0.15     121     118.0     0.98  
 
250x75x2.5            200      40        0.20     121     111.0     0.92  
 
250x75x2.5            200      50        0.25     121     108.5     0.90  
 
250x75x2.5            200      60        0.30     121     100.5     0.83  
 
250x75x2.5            200      80        0.40     121     89.0       0.74  
 
250x75x2.5            200     102       0.51     121     76.0       0.63  
 
250x75x2.5            200     127       0.64     121     65.5       0.54  
 
250x75x2.5            200     140       0.70     121     60.0       0.50  
 
250x75x2.5            200     160       0.80     121     53.0       0.44 __________________________________________________ 
 
In order to assess the accuracy of the new improved 
equations for the shear capacity LSBs with web 
openings (Equations 4 to 6), they are compared with 
FEA and experimental ultimate shear capacities in 
Figure 7. Figure 7 shows the non-dimensional curve 
of the shear capacity reduction factor qs (Vnl/Vv) ver-
sus depth of web openings to clear height of web ra-
tio (dwh/d1). The comparison of results in Figure 7 
shows that the new equations for the shear capacity 
reduction factor qs are able to match the variations in 
qs with dwh/d1 and eliminate the shortcomings with 
Equation 2. The new equations provide a lower 
bound to qs and thus ensure a safe design of LSBs 
with web openings. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Improved shear design equations for LSBs with web 
openings (aspect ratio = 1.5). 
5 CONCLUSION 
This paper has presented the details of an investiga-
tion into the shear behavior and strengths of LSBs 
with web openings using finite element analyses. Fi-
nite element models were developed and validated by 
comparing their results with experimental test re-
sults. The developed nonlinear finite element model 
was found to accurately predict the shear capacities 
of LSBs with web openings. The shear strength re-
sults from the numerical study showed that the cur-
rent AS/NZS 4600 design equations are conservative 
for the shear design of LSBs with web openings. 
McMahon et al.’s (2008) design equation was found 
to be unconservative while Shan et al.’s (1997) de-
sign equations were too conservative. Improved de-
sign equations have been proposed for the shear ca-
pacity of LSBs with web openings based on both 
experimental and numerical study results.  
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where kss, ksf = shear buckling coefficients of plates 
